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PROCEDURE FOR IDENTIFYING FACTORS AND INTERFACES  
THAT ARE CRITICAL IN A SUSTAINABLE PRODUCT   
ABSTRACT
Goal: To test a systematic procedure for identifying critical factors and interfaces among 
the stakeholders involved with the lifecycle of a sustainable product, with a view to make 
design prioritizations. 
Design/Methodology/Approach: A qualitative-quantitative approach including inter-
views and requirements analysis led to the definition of relationships in network graphical 
representations. Stakeholders from hygiene and cleaning products (HCP) manufacturing 
and consumption segment were interviewed in the state of Rio Grande do Sul, Brazil. 
Results: Factors and interfaces that are critical for a sustainable system were highlighted 
by the procedure and they include: human resources training, research funding, waste 
collection systems, and people’s behavior towards product discarding. 
Limitations of investigation: This is an exploratory study performed in a single segment: 
the hygiene and cleaning products (HCP). 
Practical implications: The understanding of the behavior of professionals in the hygienic 
product-manufacturing segment.
Originality/value: To explore a new way for identification of critical elements in a sustain-
able network system.
Keywords: Systematic Procedure; Critical Factor; Critical Stakeholders; Lifecycle; Sustain-
able Product.
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Studies have shown that product sustainability may be 
ultimately compromised when stakeholders fail to commit 
to sustainability goals from the time raw materials are ex-
tracted up to the point a product is finally disposed of or re-
valued. For instance, regarding end-consumers, Marx et al. 
(2010) and Park et Ha (2012) say that it is necessary to learn 
how they behave so factors that encourage them to act sus-
tainably or discourage them from doing so can be identified. 
Almeida et al. (2009) highlight that, the consumers’ aware-
ness notwithstanding, more often than not they are merely 
interested in product prices and operating quality. 
According to Akatu Institute1 (2009) most consumers fail 
to act sustainably because they associate their responsibility 
solely to the purchase phase of consumption. People ordi-
narily equate consuming to buying, which is correct albeit 
incomplete, because buying is simply a phase of the mul-
tiple-phase process known as consumption. Before that, 
consumers need to decide what to consume, why, how, and 
from whom. A purchase should take place only after people 
have thought about those aspects. Then, after the purchase, 
there are the phases of using and discarding what had been 
bought.
Marx et al. (2010) conducted a study among a group 
of eco-oriented consumers in the city of Porto Alegre, Rio 
Grande do Sul, and enumerated factors that encouraged 
and discouraged them to/from acting sustainably in the pur-
chase, use, and disposal of hygiene and cleaning products 
(HCP). Some factors included: lack of information on proper 
product disposal, lack of knowledge about ecology, sustain-
able product quality (price, outward aspect, availability, va-
riety, efficiency), stores (product display, advertising, store 
location, store availability), issues related to trash collection 
systems, and others.
The factors identified by Marx et al. (2010) were convert-
ed into requirements, and the stakeholders involved were 
identified regarding each requirement. Hence, the proce-
dure to identify factors and convert them into requirements 
revealed that the actions by other stakeholders involved in 
a product’s lifecycle, such as manufacturers, retailers, city 
agencies in charge of urban cleaning, agencies responsible 
for campaigns to educate the population, and others, inter-
face with the end-consumers’ actions and were seen as crit-
ical for sustainability by these consumers. Authors believe 
that a product will hardly be sustainable in case the various 
stakeholders in the product system’s lifecycle fail to achieve 
sustainability goals (Kazazian, 2005; Thackara, 2008; Noro et 
1  The Akatu institute is a Brazilian non-profit NGO working 
to educate and engage society with respect to responsible 
consumption.
al., 2010). From the product design standpoint, a design’s 
scope must reach beyond marketing efforts that assess 
needs for the product’s use phase and be expanded to its 
entire lifecycle. That means designing not a mere product, 
but a product within its system (McDonough et Braungart, 
2002; Kazazian, 2005; Kota et Chakrabarti, 2007; Schendel 
et Birkhofer, 2007; Vezzolli et Manzini, 2008; Hansen et An-
dreansen, 2010).
By analyzing the factors that encourage and discourage 
end-consumers in the study by Marx et al. (2010), the el-
ements of the system in which the product analyzed is in-
serted are found. Some of this system’s links or stakeholders 
show up clearly as manufacturers and retailers. However, 
as the factors pointed out are interpreted, it is noticed that 
the system’s project should consider the needs of other 
stakeholders that are not directly related to the product’s 
lifecycle, such as public urban cleaning agencies, agencies 
in charge of creating environmental awareness and educa-
tion, and others. It would be fair to say that the integrated 
actions by these stakeholders, as seen by end-consumers, 
may be critical for the system’s success; thus, a few ques-
tions emerge from the study by Marx et al. (2010). Consider-
ing the standpoint of the other stakeholders in the product’s 
lifecycle, are these interfaces the same? How do we identify 
the critical interfaces for a given product system? Consider-
ing this complexity of a sustainable system what factors may 
affect its success?
The design method by Donaldson et al. (2006), called Cus-
tomer Value Chain Analysis (CVCA), provides a tool to ana-
lyze critical interfaces during the product definition phase, 
based on the competitive advantages afforded by the busi-
ness model, according to the product that is being designed. 
Papers about Product Service System (PSS) have shown that 
the authors defined the parties involved with the product 
system being developed but failed to report why these par-
ties were deemed relevant (Kazazian, 2005; Van Halen et al., 
2005; Vezzolli et Manzini, 2008).
Therefore, the overall purpose of this paper is to test a 
systematic procedure for identifying critical interfaces and 
factors among the stakeholders involved with the lifecycle of 
a sustainable product, with a view to make design prioritiza-
tions. The procedure was designed based on the hypothesis 
that assessing and analyzing the factors that encourage and 
discourage the parties involved with a product system’s life-
cycle may become a procedure to identify interfaces for this 
system’s design. The specific purposes include: assessing the 
factors that encourage or discourage a given system’s stake-
holders in terms of pursuing sustainability goals, and analyz-
ing the resulting interfaces.
The research method used for this paper to attain its goal 
was an exploratory case study, and the technical procedure 
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was approached from a qualitative/quantitative point of 
view. This study is limited by the fact that the design activi-
ty-supporting procedure was applied to a single product sys-
tem, more specifically between six parties involved with the 
manufacturing and consumption of hygiene and cleaning 
products (HCP) in south Brazil. The product line chosen for 
the case study is being studied by the Industrial Engineer-
ing Post Graduate Program at the Federal University of Rio 
Grande do Sul (PPGEP/UFRGS) due to the negative impact 
of such products on the environment (Azevedo et Chasin, 
2004; Strujak et Vidal, 2007; Teixeira et Cartonilho, 2007; 
Santos et al., 2009).
HCP manufacturing and consumption systems are known 
for being extremely harmful for the environment, and es-
pecially for being essential to meet the entire population’s 
basic everyday needs. According to Dormer (1995) and Forty 
(2007), society has reached high standards of hygiene and 
cleanliness, and that gives companies constant opportuni-
ties for developing and offering such products. Santos et al. 
(2009) point out that more people now consume these prod-
ucts, and in greater amounts. Additionally, because these 
products meet the basic needs of all human beings, their 
consumption system comprises customers from all walks of 
life and who have a wide variety of characteristics, habits, 
and lifestyles. For such reason, store managers have been 
paying special attention to the section where these prod-
ucts are displayed, given that a high number of them are 
bought on impulse. Manufacturers put in efforts and high 
investments to increase their product mix, design packaging, 
and do merchandising. However, designers need to come up 
with more creative solutions to tackle the paradox between 
people’s inordinate pursuit of hygiene and cleanliness and 
respect for the environment (Santos et al., 2009). The the-
oretical contribution is to explore a new way for identifying 
critical elements in a system. The practical contribution is 
the understanding of behavior of professionals in the hy-
gienic production segment.
2. METHOD
This paper discusses an exploratory case study. Explor-
atory studies increase our level of familiarity with relatively 
unknown phenomena and provide information that helps 
define priorities for subsequent studies (Gil, 1991; Silva et 
Menezes, 2001). Case studies investigate a current phe-
nomenon within its actual context through several sources 
of evidence. To conduct this study as a whole, three main 
sources of evidence were used: (i) information found in the 
sustainable product design literature, (ii) results from the pi-
lot study carried out by Marx et al. (2010), and (iii) individual 
interviews with the parties involved in a HCP manufactur-
ing and consumption system. The results from interviews 
used as the third source of evidence in this study will make 
it possible to confirm whether the procedure previously de-
veloped and tested in this paper achieves the goals initially 
set for the research.
The procedure to identify critical interfaces between dif-
ferent stakeholders in a sustainable product system was cre-
ated based on a literature review and on previous studies 
conducted by our research group (Gomes et Damázio, 1992; 
Mizuno et Akao, 1994; Ribeiro et al., 2000; Ribeiro et Milan, 
2004; Donaldson et al., 2006; Mourão, 2006; Passos et al., 
2008; Marx, 2009; Marx et al., 2010). It is composed by four 
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Figure 1. Procedure for identifying critical interfaces between the 
parties involved in a sustainable product system’s lifecycle
(1) Guidelines definition
The first stage consists in setting some guidelines for the 
study. It starts with the definition of the product system that 
will be investigated to understand its lifecycle and define 
who the stakeholders are. It is very important, considering 
the study’s core goal is to identify critical interfaces based 
on stakeholders’ sustainability requirements. In case there 
are a high number of stakeholders making it unfeasible to 
globally assess the information, it may be necessary to de-
fine stratification variables and create groups. From those 
distributed in the groups, it will be possible to select inter-
viewees whose opinions may represent the population of 
interest.
(2) Data collection
The second stage covers the creation and application of 
the instrument to collect the stakeholder’s opinion on the 
factors that encourage/discourage the consumption of sus-
tainable products. In this study, a semi-structured interview 
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plan, containing open-ended questions, was used to assess 
that information. The objective of the interview is to iden-
tify the factors that favor or disfavor the fact that hygiene 
products are sustainable in their system. The scheme of a 
lifecycle of a product was presented to the interviewees 
and they were asked to inform: (i) the lifecycle phases their 
processes comprised; (ii) factors that favor/disfavor the sus-
tainable HCP system concerning government policies; eco-
nomic factors; social factors; technological factors; environ-
mental factors; legal factors; consumer factors; (iii) internal 
factors, such as people; strategies; structure, and processes; 
(iv) factors concerning the product lifecycle as resources ex-
traction; manufacturing; packaging; distribution; retailing; 
consumer acquisition; and final disposition. The interview 
plan was tested, adjusted and approved by the project team 
before it was applied. After that, the interviews were record-
ed (audio) and the answers were transcribed. Alternatively, 
it is possible to use a questionnaire to collect this kind of 
information as in Marx et al. (2010).
(3) Data treatment
The third stage deals with the identification of factors 
that favor/disfavor the sustainable HCP in its system and the 
translation of this information into requirements following 
the Requirements Management theory (Kotonya et Som-
merville, 2000; Young, 2003; Marx, 2009). After the identifi-
cation of excerpts containing factors, it is necessary to codify 
them, rephrase them, if necessary, and identify the stake-
holders involved with such factors. 
Then, the factor-containing sentences are rewritten as 
requirements, employing standardized language to avoid 
misunderstandings. According to Young (2003) and Marx 
et al. (2010), the use of ‘must’ facilitates the requirement 
comprehension because it is a characteristic that should be 
provided, e.g. ‘Products must be available in large volumes’. 
The requirements are grouped up to eliminate redundancies 
(each requirement expresses a need different from other 
requirements) and allocated in categories/groups. The in-
terdependence between requirements is also analyzed to 
reduce the number of requirements that should be rated 
by the interviewees. In the end, interviewees must evaluate 
the importance of their requirements to identify the most 
relevant requirements to each stakeholder using a suitable 
scale.
(4) Interfaces analysis
The last stage is the identification of stakeholders’ inter-
faces through the creation of individual requirements maps 
and an overall map that shows graphically critical relations 
for the case. 
First, we create one individual map for each interviewee. 
The most important requirements for each stakeholder and 
the other parties related to them are recorded on a map and 
are interconnected through lines and origin codes to show 
their interfaces. An arrow line coming from a stakeholder to-
wards a requirement indicates his responsibility for the ac-
tion. If this requirement influences other parties, there will 
be also arrow lines departing from the requirement to the 
parties. Lines moving from different stakeholders towards 
a requirement suggest cooperation that is needed to fulfill 
that requirement. The syntax to graphically represent the 
interfaces between stakeholders will be explained in the se-
quence (see syntax to represent the interfaces).
After, it is created an overall map containing only the re-
quirements scoring higher weighted values from each inter-
viewee’s map to show all the stakeholders and the critical 
interfaces. Stakeholders involved with the highest number 
of requirements (with many lines) can be considered more 
critical while stakeholders lacking requirements (with few 
lines) are not deemed critical. 
Syntax to represent the interfaces
To draw up the maps, it was created a syntax (illustrat-
ed in Figure 2) based on data from the study conducted by 
Marx et al. (2010). The parties related to each requirement 
must be recorded on a map and interconnected through un-
broken lines and interview excerpt’s origin codes to show 
the interfaces. The parties directly involved with the product 
system’s lifecycle are represented by squares. A light-colored 
square means that party was not mentioned by the inter-
viewee (e.g. distributor and final disposition agent in Figure 
2). Parties indirectly involved with the lifecycle are repre-
sented by oval shapes on the map (e.g. society and govern-
ment agencies - Figure 2). The arrow lines go from the party/
parties deemed responsible for the action towards the re-
quirement and from the requirement towards other party/
parties related to its benefit. Lines moving from different 
stakeholders towards a requirement suggest cooperation 
is needed to fulfill the requirement. Unbroken line colors 
represent each requirement’s importance, according to the 
syntax key. Requirements whose importance is rated 9 rep-
resent critical interfaces between stakeholders. Dotted lines 
represent the flows of material resources. Figure 2 shows 
the syntax intended to graphically represent the interfaces 
between the stakeholders.
3. RESULTS AND DISCUSSION
This section contains the results attained with the applica-
tion of the method in a case study followed by a discussion. 
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This stage covers the following tasks: choose the product 
system, define the product system stakeholders and select 
the interviewees. The authors conducted the case study in an 
HCP system in south Brazil. Such choice is justified by how im-
portant these products are to meet the basic everyday needs 
of the population; the importance of this sector for national 
and local economies; the close relationship of the product sys-
tem with environmental degradation; and the chance to build 
the work done by Marx et al. (2010). For the identification of 
the product system stakeholders, it was considered literature 
information and data from previous studies concerning the 
product lifecycle, as shown in Figure 3.
Considering the variety of products under the label “hy-
giene and cleaning”, the lifecycle is generally represented in 
Figure 3. Suppliers appear in the gray box on the left and 
comprise many different chemical and product industries. 
The product manufacturers can produce beauty products 
and baby diapers (hygiene) or even laundry detergent 
(cleaning). As sales agents we have drugstores, markets, 
supermarkets, department stores, among others. The con-
sumers’ group comprises ordinary people but also hotels, 
hospitals and other service businesses. In the end of the 
lifecycle there are valorization agents as sorting centers and 
recycling companies that close the cycle for part of the ma-
terials (plastic, paper and metal from packages). However, a 
great amount of these products ends in sanitary landfills or 
as wastewater.
The selection of the stakeholders for interviews include: 
i) the parties involved with the lifecycle phases may have dif-
ferent points of view as a result of the phase they operate in 
within the cycle; and ii) companies have different positions 
in terms of sustainability. Chart 1 shows the stakeholders se-
lected for the interviews, considering the group they belong 
to in the HCP lifecycle and the sustainability willingness.
The following product system lifecycle phases were ad-
dressed through the six interviewees selected, including 
their primary and secondary activities: input (packaging) 
Figure 2. Syntax representing the map of interfaces among the parties involved with a HCP system’s lifecycle
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manufacturing; product manufacturing; distribution; place-
ment for sale; purchase; use; discarding; and repurposing. 
For that reason, the scope of this study is limited to the ex-
tent that the representatives of the parties involved with ac-
tivities directly related to the phases of resource extraction, 
input synthesis, and final disposal were not interviewed. 
After the interviewees were defined, the interviews were 
scheduled for dates, places and times chosen by the respon-
dents, except for consumers, given that the consumer-re-
lated data obtained by Marx et al. (2010) was considered 
in the analysis carried out in this study. The authors inter-
viewed called the eco-oriented consumers formally educat-
ed towards sustainability. The open-ended questionnaire 
followed by the authors was used to prepare the data collec-
tion tool applied to the other five interviewees.
Data collection
In keeping with the procedure’s goal, the interviews fo-
cused on eliciting from each interviewee the factors that 
encourage and discourage the respective stakeholders with 
respect to working to ensure the product system is sustain-
able. A questionnaire was prepared with open-ended ques-
tions for the semi-structured interviews and subjected to a 
pilot test. The questionnaire was applied to a small manu-
facturer of HCP, adjusted, and its modified version was ap-
proved (see method section 3).
Afterwards, the representatives from the interviewee cat-
egories were scheduled, as described in Chart 2. Note that 
the chosen respondents hold management positions and ex-
perience in the companies/institutions areas, so they could 
provide useful information about the population of interest.
Interviews were conducted and the data recorded in au-
dio. Before carrying out the data collection procedure, a 
clarification was made. Considering each interviewee might 
have had a different idea regarding sustainability, in order 
to mitigate the effects of such varying opinions, the respon-
dents were asked about what they thought a sustainable 
product was. Then, the concept adopted in this study, as 
taken from the Brundtland Commission (1987), was clari-
fied. The information was immediately written down after 
the end of each data collection procedure.
Data treatment
The data treatment stage comprehends the clarification 
of the elicited data from each stakeholder and its conver-
sion into requirements. The steps described in the sequence 
were conducted for each interviewee answers in order to 
obtain the lists with the most important requirements for 
each stakeholder.
First, excerpts containing encouraging or discouraging fac-
tors for achieving sustainability goals were sought in each in-













Figure 3. HCP system’s lifecycle, with distribution/transportation represented by arrows. 
Source: Adapted from Hauschild et al. (2005) and Marx et al. (2010)
Chart 1. The six stakeholders selected for the interviews
Group of stakeholders
Sustainability Stance
Unwilling* In part* Willing*





Parties involved with the final phases of the prod-
ucts’ lifecycle Eco-oriented consumers




*Unwilling: Group that does not have a position of interest in sustainability; In part: group that is in transition to a sustainable stance or that only some 
departments/parties have that interest; Willing: group that has a position of interest in sustainability.
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terview transcribed. These excerpts were codified to ensure 
that the original information was traceable and preliminarily 
rephrased into objective, logical sentences that connected the 
stakeholders mentioned with the factors. Subsequently, the 
sentences were rewritten as requirements using standardized 
technical language, and the stakeholders were identified. Re-
dundant requirements were eliminated, their repetition rate 
(RR) recorded, and their respective codes grouped up. Chart 
3 shows examples of the excerpts from the interview with the 
small manufacturer of cleaning products.
Some categories have emerged during the previous steps, 
being possible to group them as requirements related to: i) 
Processes and Strategies; ii) Technology and Knowledge; iii) 
Inputs, Products, and Waste; iv) Society and Awareness-Rais-
ing; and v) Political and Legal Aspects. Chart 4 containing the 
partial list of the HCP Small manufacturer’s requirements 
grouped them into those five categories/blocks.
The following procedure aims to eliminate interdependent 
requirements to reduce the number of items that will be evalu-
ated by the interviewees. Requirements were evaluated two by 
two in a square grid, per category of requirements for each in-
terviewee. The independence between the requirements was 
analyzed for each cross-referencing. Three different rates were 
used, namely: (HINT) highly interdependent requirements; 
(INT) interdependent requirements; and (I) independent re-
quirements. The least mentioned requirements (RR column in 
Chart 3) were eliminated or grouped when relationships were 
considered very interdependent or interdependent. 
Because the purpose of this stage was to generate a 
minimum list of requirements, the decision to eliminate 
or group requirements was made on a case-by-case basis. 
Subsequently, independent requirements were once again 
grouped in blocks for each interviewee, and a final analy-
sis was conducted to make sure that no interdependent re-
quirements were selected. For illustration purposes, Figure 
4 shows the requirements in the ‘Processes and strategies’ 
block for the HCP Small manufacturer in the square grid and 
the list of independent requirements selected after the two-
by-two analysis.
As a result of the steps, it was possible to reduce the 
requirements amount in 46% for the HCP Small Manufac-
tures, 56% for the Packaging Manufacturer, 52% for the HCP 
Mid-sized manufacturer, 60% for the Institution (University) 
and 41% for the Government (city office). Table 1 shows the 
Chart 2. Characteristics of the stakeholders interviewed
Stakeholder Activities related Sustainability Stance Respondents interviewed
HCP Small 
manufacturer1
Directly to the phases of manufacturing, 
filling, packaging, storage, distribution, and 
placement for sale of household cleaning 
products (for 12 years)
Understand the need for acting 
sustainably, but the company is 
not interested at this time
 1. Industrial Chemist, Chemist in 




Directly to the phases of plastic package 
design and manufacturing for a wide range of 
products, including HCP (for 32 years)
Understand the need for acting 
sustainably, but the company is 
beginning to adjust its activities 
to achieve that
1. Industrial Chemist, R&D Manag-
er, 11 years of experience 




Directly to the phases of package design and 
manufacturing, product design and manufac-
turing, filling, packaging, storage, distribution, 
and repurposing (for 19 years) 
Understand the need for acting 
sustainably, and see their own 
behavior as advanced in that 
respect
 1. Industrial Chemist, Production 
Supervisor, 6 years of experience
 2. Chemical Technician, Quality 




Directly to the phases of HCP purchase, use, 
and discarding
Understand the need for acting 
sustainably, and see their own 
behavior as suitable in that 
respect
Eco-oriented consumers between 
30 and 50 years of age, of both 
genders (Marx et al., 2010)
Institution
(University)2
Indirectly to product lifecycle phases. The 
school has carried out education, research, 
and extension activities for 16 years, and 
today has nearly 12,000 students.
Understanding the need for 
acting sustainably, but have 
conflicting opinions in its de-
partments 
 1. Chemical and Workplace Safety 
Engineer, worked in the fields 
of food science and technology, 
product and manufacturing process 
control, and environmental man-
agement 
Government
(City office for 
Economic De-
velopment)2
Indirectly to product lifecycle phases. Among 
other duties, the office works to foster and 
expand manufacturing, sale, and service 
activities
They understand the need for 
acting sustainably; however, 
they concede the office is not 
fully committed to doing that
 1. City Secretary for Economic 
Development, with law degree and 
former chairman of manufacturing 
associations
Stakeholders’ location: [1] city of 65,000 in the state’s countryside; [2] city of 120,000 in the state’s countryside; [3] city of 20,000 in the state’s country-
side; [4] State Capital.
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Chart 3. Conversion of excerpts into requirements for the HCP Small manufacturer








“The government even has good 
programs encouraging sustain-
ability projects, but they are not 
publicized enough for entrepre-
neurs to raise funds. Things need 
to get easier.”
The government should 
make incentive programs 
more widely known and 
simpler for entrepreneurs 






licize their incentive 









“Overall, customers still pretty 
much disregard the issue of 
product and process sustainabili-
ty. Today, our potential custom-
ers only care about prices”
Customers should let go of 
their interest in low prices 





est in sustainable 
products.
Consumers 2 A11.A31
A21 “Human resources are poorly trained by universities”
Human resources should 






must be ready to 
deal with the chal-
lenges of sustain-










Chart 4. Partial list of HCP Small manufacturer requirements, grouped into blocks
Code Requirement Block
A14 Managers must avoid using non-renewable energy and resources. Processes and 
StrategiesA15 Managers must be familiar their suppliers’ product and process characteristics.
A21.A33.A38 Human resources must be ready to deal with the challenges of sustainability when they graduate.
Technology and 
Knowledge A24
Input manufacturers and resource-extracting companies must provide clear  
and reliable information about their raw materials.
A29.A36 The technologies to make sustainable products must be more readily available and cheaper.
A4.A12 Input manufacturers must design sustainable raw materials.
Inputs, Prod-
ucts, and WasteA16 Packages must have their post-use repurposing designed.
A17.A18 Post-use packages must be properly disposed of.




A22 Consumers must be educated early on by schools in order to create a culture  that values the environment.
A37 Manufacturers must stimulate consumers’ interest in creating a sustainable culture.
A5 Governmental agencies must publicize their incentive programs to help  company managers develop sustainability projects.
Political and 
Legal AspectsA10
Governmental agencies must make sure managers are aware of the long- 
term benefits of sustainability.
A27 Governmental agencies must implement new public policies (such as lowering taxes) to encourage managers to pursue sustainable development.
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overall number of requirements generated, not repeated 
and independent, sorted by block and for each stakehold-
er interviewed. The last column contains the remaining re-
quirements to be weighted by the stakeholders.
The last step of this stage is to rate the importance of 
each requirement. The stakeholder’s independent require-
ment list was emailed to the respective interviewees, and 
they were asked to rate the importance of every require-
ment. A Likert-type scale was used, with an interval of in-
tegers ranging from 1 to 9, respectively representing little 
important and very important.
After the data were weighted, all (primary source) inter-
viewees were asked how difficult it had been for them to 
evaluate and rate importance levels for their respective lists, 
which contained at least 20 and at most 29 requirements. 
No respondents said they had found it difficult. Therefore, 
the weighting was considered valid, considering the number 
of selected requirements was appropriate and did not lead 
to errors in the respondent’s assessment process.
Eco-oriented consumers’ requirements were obtained 
from the previous work of Marx et al. (2010). They made 
a closed-ended questionnaire available online and used the 
same scale adopted in this study. The requirements list in 
that study contained all of the non-recurring requirements, 
but they did not analyze the interdependencies between 
them.  
Interfaces analysis
The first step in this stage is the selection of the most 
important requirements for each stakeholder from the re-
quirement lists obtained in the previous stage. In this study, 
we chose to select 20 top-scoring requirements from each 
stakeholder to build the maps. These requirements were 
organized in a chart with the codification and the stake-
holders related to them. To exemplify, chart 5 shows the 
20 requirements from the standpoint of the government 
(city office) representative used to build the map shown 
in Chart 5.
Requirements Code A14 A15 A23 A3 A6 A13 A32
Managers must avoid using non-renewable energy and resources A14  I I I I I I
Managers must know about their suppliers’ product and process 
characteristics A15   HINT I I I I
Managers must build closer relationships with suppliers and act 
transparently A23    I I I I
Managers must design sustainable products A3     INT INT I
Managers must carry out R&D in line with sustainability goals A6      INT I
Manufacturers must focus on innovation projects A13       INT
Manufacturers must consider costumer’s interests when designing 
products A32        
KEY (FOR FILLING OUT): HINT = Highly interdependent, INT = Interdependent, I = Independent
Independent requirements selected after the analysis Code
Managers must avoid using non-renewable energy and resources A14
Managers must build closer relationships with suppliers and act transparently A23
Manufacturers must consider costumer’s interests when designing products A32
Manufacturers must focus on innovation projects, foster R&D and design products in line with sustainability goals A3 + A6 + A13
Figure 4. Evaluation of requirements interdependence inside HCP Small manufacturer ‘Processes and strategies’ block 




















Requirements per block: total / not repeated / independent
HCP Small manufacturer 8 / 7 / 4 10 / 5 / 5 9 / 6 / 5 8 / 7 / 4 6 / 6 / 4 22
Packaging Manufacturer 22 / 17 / 9 2 / 2 / 1 4 / 4 / 2 15 / 10 / 6 8 / 6 / 4 22
HCP Mid-sized manufacturer 21 / 18 / 8 13 / 9 / 6 9 / 8 / 4 13 / 13 / 7 5 / 4 / 4 29
Eco-oriented consumers NR / 12 / 6 NR / 4 / 2 NR / 7 / 4 NR / 11 / 5 NR / 3 / 3 20
Institution (University) 20 / 16 / 7 9 / 9 / 4 2 / 2 / 2 15 / 15 / 7 5 / 4 / 3 23
Government
(city office) 6 / 5 / 3 5 / 5 / 4 0 / 0 / 0 9 / 7 / 6 14 / 10 / 7 20
Brazilian Journal of Operations & Production Management
Volume 16, Número 1, 2019, pp. 126-140
DOI: 10.14488/BJOPM.2019.v16.n1.a12
135
Chart 5. List of 20 top-scored requirements to the government (city administration)
Code Requirements selected Importance and Stakeholders
Block: Processes and Strategies
F2.F26 Manufacturers must offer consumers sustainable products at prices equivalent to conventional products 9 Manufacturers, consumers
F28 Rio Grande do Sul manufacturers must design high added value products 9 Manufacturers
F31 Sustainability solutions must be discussed and consolidated by committees staffed by the various stakeholders’ representatives 8
Committees staffed by different 
stakeholders’ representatives
Block: Technology and Knowledge
F5 Research institutions must conduct studies that allow society to learn about and trust the outcomes of innovative sustainability technologies and procedures 5 Research institutions, society
F17 + F4
Research institutions must create technologies that allow manufacturers to make 
sustainable products whose prices and outward aspects are equivalent to conven-
tional products
8 Research institutions, manufac-turers
F29 Human resources must be ready to deal with the challenges of sustainability when they graduate 8
Human resources, colleges and 
universities
F30 Managers must interact with colleges, universities, and research institutions 9 Managers, colleges and universi-ties, research institutions
Block: Inputs, Products, and Waste
F1.F3. 
F23 Consumers must be well informed and in favor of buying sustainable products. 6 Consumers
F7 Consumers must be educated about what sustainability is early on by elementary and middle schools 8
Consumers, elementary and mid-
dle schools
F8 Social communication agents must educate consumers about sustainability 8 Social communication agents, consumers
F13 Managers must carry out initiatives to raise consumers’ awareness of sustainability 7 Managers, consumers
F22 Consumers must be environmentally responsible when discarding products 8 Consumers
F25 Non-governmental organizations must engage society to fight for sustainability-re-lated interests 4
Non-governmental organizations, 
society
Block: Political and Legal Aspects






Governmental agencies must promote new public policies (such as lower taxes) to 
encourage manufacturers to make sustainable products in addition to making their 
processes more environmentally-friendly
9 Governmental agencies, manu-facturers
F11 Company owners must take part in business associations to fight for business inter-ests and sustainable development 4
Company owners, business asso-
ciations
F16 Governmental agencies must design public policies to encourage research institu-tions to work on sustainability projects 9
Governmental agencies, research 
institutions




Company owners and managers must join forces (fight for business interests) and 
make governmental agencies give priority to implementing sustainable develop-
ment policies
4 Company owners, managers, governmental agencies
F32.F33 Governmental agencies must create solutions for Rio Grande do Sul’s distributors’ logistic issues (regarding the country) 8
Governmental agencies, distrib-
utors
Figure 5 shows the map of the product system scenario 
containing the stakeholders’ interfaces from the standpoint 
of a governmental agency’s (city office) representative. The 
map shows the city representative referred to only three 
parties directly involved in the products’ lifecycle (squares): 
product manufacturers, distributors (which were not men-
tioned in the other interviews), and consumers. The other 
stakeholders directly involved with the product system life-
cycle were not mentioned in the interview and appear in 
light-colored squares. The interviewee referred to 12 par-
ties that were indirectly involved (oval shapes), including: 
non-governmental organizations (NGOs), company owners, 
business associations, and social communication agents, 
which were not mentioned in the other interviews. The ra-
tio between the parties directly and indirectly involved is 
inversely related to the consumers’ opinion. It is possible 
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to observe lines that move from different stakeholders to-
wards a requirement (F24+F10+F14: Company owners and 
managers must join forces (fight for business interests) and 
make governmental agencies give priority to implementing 
sustainable development policies), thereby suggesting that 
managers, company owners, and governmental agencies 
need to cooperate for that requirement to be fulfilled, which 
creates a three-way interface between the stakeholders. The 
highest number of interfaces found connects other stake-
holders to consumers, who are impacted by highly import-
ant requirements that need the action of other parties.
Other five maps, one for each stakeholder, were obtained 
using the same procedure. Finally, an overall map of the HCP 
system’s scenario containing the critical interfaces between 
the stakeholders was drawn. The operation was performed 
under the assumption that a respondent would assign the 
highest importance to a given requirement because said re-
quirement is the most critical for that stakeholder to achieve 
sustainability goals. Hence, to put together the overall map, 
only requirements rated 9 by each of the stakeholders’ rep-
resentatives interviewed was used. Figure 6 shows the over-
all map of the HCP system’s scenario containing the critical 
interfaces between the stakeholders. Some recurring rela-
tionships were detected in the individual maps and marked 
with dashed circles in the overall map. These can be con-
sidered critical relations in the product system, pointed by 
more than one stakeholder/interviewee.
A few comments can be made about the six maps con-
taining the interfaces and the overall map, which may be 
considered to visually represent the stakeholders’ global 
value chain: 
• The maps containing the interfaces between the 
parties involved in the HCP system’s lifecycle (from 
the standpoint of the six stakeholders interviewed) 
differ from one another. The number of stakeholders 
varied from map to map both in terms of lifecycle 
phases and the parties indirectly involved;
• The interviewee who noticed and mentioned most 
of the agents directly involved in the lifecycle phases 
was the Packaging manufacturer’s representative;
Figure 5. Map of interfaces from the government perspective (city office)
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• The interviewees from the city administration and 
university were the ones who noticed and men-
tioned most of the parties indirectly involved with 
the products’ lifecycle;
• Consumers were the ones noticing and mentioning 
the parties least indirectly involved with the prod-
ucts’ lifecycle;
• Overall, 21 agents indirectly involved with the prod-
ucts’ lifecycle were identified: social communication 
agents; agents involved in waste pick up; agents 
routinely dealing with sustainability; students; 
committees staffed by stakeholder representatives; 
different stakeholders; company owners; business 
associations; suppliers; managers; elementary and 
middle schools; colleges and universities; research 
institutions; control agencies; governmental agen-
cies; non-governmental organizations; regulatory 
agencies; faculty members; human resources; and 
society;
• Out of all the parties directly involved in the product 
system lifecycle phases (which were included in the 
interview plan checklist), distributors were referred 
to only in the interview with the city administration’s 
representative. Such stakeholder was not mentioned 
in the other interviews;
• Out of the product system, stakeholders deemed 
to have critical interfaces and some were noticed 
and mentioned by a single interviewee, namely: (1) 
agents involved in waste pickup (urban foragers) 
were mentioned only by the representative of the 
HCP Mid-sized product manufacturer; (2) faculty 
members were mentioned only by the University’s 
representative; (3) control agencies were mentioned 
only by the representative of the HCP Small product 
manufacturer.
The considerations above corroborate the idea that 
stakeholders are usually unable to see all of the other stake-
holders and lifecycle phases of a product system. In this 
Figure 6. Map of critical interfaces between parties in the HCP system’s lifecycle 
Legend - A. Product Small Enterprise manufacturer; B. Packaging Manufacturer; C. Product Medium Enterprise Manufacturer; D. Green Consumers; E. 
University; F. Government
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case, project team would have to keep in mind their analysis 
should go beyond the relationships seen by the very stake-
holders. 
Product manufacturers were the stakeholders to have 
the highest number of critical interfaces pointed out by 
the other interviewees (10 overall). Consumers were the 
second type of stakeholder to have the highest number of 
interfaces pointed out (9 overall). Colleges/universities and 
governmental agencies were assigned 6 critical interfaces 
each. Research institutions and managers were assigned 5 
critical interfaces each. It indicates that product manufac-
turers and consumers are critical parties for sustainability to 
be achieved within a product system lifecycle and designers 
should have to pay greater attention to these stakeholders’ 
requirements.
Out of all the critical interfaces, the highest number is 
related to requirements in blocks ‘Processes and strategies’ 
(9 overall) and ‘Technology and knowledge’ (8 overall). Six 
critical interfaces were pointed out from the ‘Political and 
legal aspects’, and, finally, blocks ‘Inputs, products, and 
waste’ and ‘Society and awareness-raising’ (5 overall). Even 
though the differences are not too big, it suggests that the 
highest number of critical factors for achieving sustainability 
can be related to processes and strategies or technology and 
knowledge, while the lowest number of critical factors is re-
lated to society and awareness-raising or political and legal 
aspects. It makes sense that technical aspects are still con-
sidered more critical in the case of HCP probably because 
they are chemical products with processes quite harmful to 
the environment, and so is the waste left over from their 
use. However, these observations are merely suppositions 
that need to be investigated. 
Upon analyzing all of the critical interfaces, five require-
ments suggest the need for cooperation between the stake-
holders, namely:  (i) input manufacturers and resource-ex-
tracting companies to meet requirement A24 through a 
two-way interface; (ii) suppliers, governmental agencies, and 
research institutions to meet requirement A29.A36 through 
a three-way interface; (iii) consumers and product manu-
facturers to meet requirement C1 related to final disposal 
agents and repurposing agents through a four-way interface; 
(iv) resource-extracting companies and input manufacturers 
to meet requirement C32 related to product manufacturers 
through a three-way interface; (v) colleges/universities and 
research institutions to meet requirement E36+E49+42 re-
lated to resource-extracting companies and product manu-
facturers through a four-way interface.
The representatives from the HCP Small and HCP Mid-
sized manufacturers agreed that sustainability depends on 
human resources prepared to deal with its challenges. The 
university’s representative agreed, but argued that colleges 
and universities have a hard time training human resources 
and providing society with sufficient knowledge. In this gap, 
an opportunity is found and, at the same time, a risk to be 
worked on in a HCP system project: to build teams whose 
diverse backgrounds complement one another’s skill sets, 
such as chemical, environmental, and manufacturing engi-
neers, biologists, sociologists, economists, technologists, 
and others, to solve issues related to sustainable develop-
ment.
The perceptions achieved from the study are related to 
a south Brazil HCP manufacturing and consumption system 
and may not be the same from other places. It also con-
templates few stakeholders and interviewees; therefore, 
the critical interfaces cannot be generalized or considered 
conclusive. The syntax created to graphically represent the 
stakeholders’ interfaces in a product system was easy to 
read. The maps demonstrate to be a good way to identify 
relations and revealed some clues that should be further in-
vestigated in future studies. 
4. CONCLUSIONS
By pursuing the main purpose of this study, which was to 
apply a systematic procedure to identify the critical inter-
faces between parties involved in a product system’s lifecy-
cle phases, it was possible to obtain interesting information 
about the requirements and stakeholders interrelated in a 
Rio Grande do Sul HCP manufacturing and consumption sys-
tem. The information obtained from applying the procedure 
to a case study made it possible to identify critical interfaces 
between parties directly and indirectly involved with lifecy-
cle phases from the standpoint of six representatives from 
different groups. 
The procedure provides a graphic view of the results 
through individual maps and an overall map containing 
stakeholder requirements and interfaces. By analyzing the 
maps particularities and similarities can be seen, such as the 
need for cooperation between the different stakeholders 
so a requirement may be met, or the agreement on factors 
that encourage or discourage the stakeholders with respect 
to achieving sustainability goals. Another example of infor-
mation provided by the maps is that both product manu-
facturers failed to mention a single factor interrelated with 
sales agents in their interviews. However, it is from these 
agents that products get to consumers and boost econom-
ic development. It is the interface between manufacturers 
and sales agents that allows the former to get feedback on 
the consumers’ demands and needs, and therefore make 
improvements to environmental, social, and economic as-
pects. These analyses once again lead us to opportunities 
and/or risks, which ultimately serve as input information for 
product system projects.
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Additionally, the study’s results engendered the hypothe-
sis that stakeholders are usually unable to see all of the oth-
er parties involved in the phases of a product system’s lifecy-
cle. Overall, the interviewees mostly pointed out factors that 
impact the lifecycle phases in which they respectively con-
duct directly related primary or secondary activities. Prod-
uct manufacturers and consumers were the stakeholders 
involved in the highest number of interfaces deemed critical 
for sustainability to be achieved.
Given this study’s limitations, the results cannot be gen-
eralized especially because results could have possibly been 
different in case the parties directly involved with resource 
extraction, input synthesizing, and final disposal had been 
interviewed. However, once these limitations had been es-
tablished and interviewees holding comprehensive views of 
the investigated product system’s lifecycle had been chosen, 
the procedure proved suitable for finding general informa-
tion about the system, following the logic of the product’s 
global value chain. Therefore, it can be concluded that the 
requirements and critical interfaces obtained through the 
procedure are useful information about the system, and 
point out what a designer should focus on when designing 
a product system in case that scenario were considered to 
be true. 
Suggestions for future studies include: applying the pro-
cedure proposed to all stakeholders in the HCP system; ap-
plying this procedure to other product systems to compare 
results and validate the procedure; applying this procedure 
using probability sampling when collecting data; and creat-
ing criticality indicators for the product system’s sustainabil-
ity. 
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